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‘The effect of a blow-pipe is well known, but I 
do not think that the manner in which it increafes 
the action of Flame has ever been fatisfa€torily ex- 
plained. It has generally been imagined, I be- 
lieve, that the current of frefh air which is forced 
through the Flame by a blow-pipe actually increafes 
the quaritity of heat ; I rather fuppofe it does little 
more than direct the leat odfually exifting in the 
Flame to a given point. A current of air cannot 
generate heat, without at the fame time being de- 
compofed; and in order to its being decompofed 
ina fire, & muft be brought into aétual contaé& 
with the burning Fuel, or at leaft with the unin: 
flamed inflammable vapour which rifes from it :— 
But can it be fuppofed that there can be any thing 
inflammable, and not aétually inflamed, in the 
clear, bright, and perfectly tranfparent Flame of a° 
wax candle ?—A blow-pipe has however as fenfible 
an effect. when direted againft the clear Flame of a 
wax candle, as when it is employed to increafe the 
ation of a common glafs-worker’s lamp. 

Conceiving that the difcovery of the manner in 
which the current of air from a blow-pipe ferves to 
increafe the intenfity of the a¢tion of the Flame 
could not fail to throw much light upon the fub- 
je&t under confideration,—namely, the inveltiga- 
tion of the manner in which heat is communicated 
to bodies by Flame,—I made the following Expe- 
riments, the refults of which I conceive to be dee 
cifive, 
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Concluding that the current of air from a blow- 
Pipe, directed againft the Flame of any burning 
body, could tend to increafe the intenfity of the 
aétion of the Flame only inone or both of thefe two 
ways, namely, by increafing its 2éfion upon the 
body againft which it is directed; or by actually 
increafing the quantity of heat generated in the 
combuftion of the Fuel ; a method occurred to me 
by which I thought it poffible to determine, by ac- 
tual experiment, to which of thefe caufes the effeét 
in queftion is owing, or how much each of them 
might contribute to it. To do this I filled a large 
bladder, containing above a gallon, with /xed air, 
which, as is well known, is totally unfit for fup- 
porting the combuttion of inflammable bodies, and 
which, of courfe, could not be fufpected of adding 
any heat to a Flame againft, which a current of it 
Should be direéted ; I imagined. therefore that if a 
Dlow-pipe fupplied with this air, on being direéted 
againft the Flame of a candle, fhould be found to 
produce nearly the fame effect as when common 
air is uled for the fame purpofe, it would prove to 
ademonftration that the augmentation of the in- 
tenfity of the aétion, or activity of the Flame which 
arifes from the ufe of a blow-pipe, is cwing to the 
agitation of the Flame,—to its being direéted to a 
point,—to the impetuofity with which it is made 
to ftrike againft the body which is heated by it,— 
and to the rapid fucceffion of freth particles of this 
hot vapour, and not to any poftive increa/e of heat, 

A blow. 
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A blow-pipe being attached to the. bladder con- 
taining fiexd air, the end of this pipe was diretted 
to the clear brilliant flame of a wax candle, which 
had juft been fnuffed; and, by comprefling the 
-bladder, the’ Flame was projected againft a fmall 
tube of glafs, which was very foon made red-hot, 
and even melted. 

Having repeated this ‘experiment feveral times, 
and having found how long it required to melt the 
tube when the Flame of the candle was forced 
againft it by a blaft of fixed air, 1 now varied the 
experiment, by making ufe of common atmofpheric 
air, inftead of fixed air ; taking care to employ the 
fame candle and the fame blow-pipe ufed in the for- 
mer experiments, and even making ufe of the 
bladder, in order that the experiments being ex- 
aétly fimilar, and differing only in the kinds of air 
made ufe of, the effect of that difference might be 
difcovered and eftimated. 

The refults of thefe experiments were moft per- 
feétly conclufive ; and proved in a decifive man- 
ner, that the effect of a blow-pipe, when applied to 
clear Flame, arifes not from any real augmentation 
of heat, but merely from the increafed attivity of 
the Flame, in confequence of its being impelled 
with force, and broken in eddies on the furface of 
the body againft which it is made to a&t; the effect 
of the blow-pipe on thefe éxperiments being to all 
appearance quite as great when fixed air was made 
ule of, (which could not increafe the quantity of 
heat,) as when atmofpheric air was ufed. 

F4 But 
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But conceiving the determination of this queftion 
relative to the mannerin which Flamecommunicates 
heat, to be a matter of much importance, I did 
not reft_ my inquiries here: I repeated the expe- 
yiments very often, affd varied them in a great 
number of different ways; fometimes making ufe 
of fixed air; fometimes of atmofpheric air; and 
at other times ufing dephlogifticated air; and 
common air rendered unfit for the fupport of ani- 
mal life and of combuttion, by burning a candle in 
it till the candle went out. 

It would take up too much time to give an ac- 
count in detail of all thefe experiments; I fhall 
therefore content my(elf with merely obferving 
that they all tended to fhow that the effect of a 
blow-pipe wed in the manner here deferibed, is owing 
to the dire¢tion and velocity it gives to the Flame 
againft which it is employed, and not to any real 
increafe of heat: 

It muft be remembered that the principal obje& 
I had in view in thefe experiments was to di(cover 
the manner in which Flame communicates heat to 
other bodies, and by what means that communi- 
cation may be facilitated.— Were it required to in- 
creafe the intenfity of the heat by d/owing the fire, the 
current of air muft be applied in fuch a manner as 
to expedite the combuftion ; it muft be direéted to 
the inflamed furface of*the burning Fuel, and not 
to the red-hot vapour or flante which rifes from it, 
and in which the combuttion is moft probably 
already quite complete; and in this cafe there is 

no 
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no doubt but the effe&t produced by blowing would 
depend much upon the quality of the air made 
ufe of. 

The refults of the foregoing experiments with 
the blow-pipe will, I am confident, be thought 
quite conclufive by thofe who will take the trouble 
to confider them attentively,—and the advantages 
that may be derived from the knowledge of the 
fa&t eftablifhed by them are very obvious. If Flame, 
or the hot vapour which arifes from burning bodies, 
be a non-conduétor of heat ;—and if, in order to 
communicate its heat to any other body, it be ne~ 
ceffary that its particles individually be brought into 
adtual conta& with that body; it is evident that 
the form of a boifer, and of its fire-place, muft be 
matters of much importance; and that that form 
mutt be moft advantageous, which is beft calculated 
to produce an internal motion in the Flame, and to 
bring alternately us many of its particles as poffible 
into contact with the body which is to be heated by 
it. _ The boiler muft not only have as large a fur- 
face as poflible, but it muft be of fuch a form as 
to caufe the Flame which embraces it—to impinge 
againft it with force—to break againft it—and to 
play over its furface in eddies and whirlpools. 

It is therefore againft the bottom of a boiler, and 
not againtt its fides, that the principal efforts of the 
Flame mutt be dire€ted ; for when the Flame, or hot 
vapour, is permitted’ to rife freely by the vertical 
fides of a boiler, it fides over its furface very ra- 
pidly, and there being no obftacle in the way to 

break 
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break tle Flame into eddies and whirlpools, it glides 
quietly on like a ftreain of water in a {mooth canal; 
and ‘the fame hot particles of this vapour which 
happen to be in immediate contaét with the fides of 
the boiler at its bottom or lower extremity, being 
continually prefled againft the furface of the boiler 
as they are forced upwards by the rifing current, 
prevent other hot particles from approaching the 
boiler ; fo that by far the greateft part of the heat 
in the Flame and hot vapour which rife from the 
Fire, inftead of entering the boiler, goes off into 
the atmofphere by the chimney, and is totzlly loft. 
The amount of this-lofs of heat, arifing from 
the faulty conftruction of boilers and their fire- 
places, may be eftimated from the refults cf the 
Experiments recorded in the following Chapter. 
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CHAP. V. 


An Account of Experiments made with Boilers and 
Fire-places of various Forms and Dimenfions ; tom 
gether with Remarks and Ohfervations on their 
Refults, and on the Improvements that may be de- 
rived from them.—An Account of fome Experi- 
sents made on a very large Scale in a Brew-houfe 
Boiler.—An Account of a Brew-houfe Boiler con- 
Srrutted and fitted up on an improved Plan— 
Refults of feveral Experiments which were made 
with this new Boiler.—Of the Advantage in re- 
gard to the Economy of Fuel in boiling Liquids, 
which arifes from performing that Procefs on @ 
large Scale—Thefe Advantages are limited. — 
An Account of an Alteration which was made in 
the new Brew-houfe Boiler, with a view ta the 
savinc oF Time in caufing its Contents to boil. 
—Experiments fhowing the Effects produced by 
thefe Alterations —An Eftimate of the RELATIVE 
Quantitizs oF Hear producible from Coaxs— 
Pir-coa.—Cnarcoat, and Oax.—A Me- 
thod of eftimating the Quantity of Pit-coal which 
would be neceffary to perform any of the Procefes 
mentioned in this Effay, in which Wood was ufed 
as Fuel.—An Eftimate of the rota Quanti- 
‘ties of Heat producible in the Combuftion of dif- 
ferent Kinds of Fuel ; and of the real Quantities of 

Heat 
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Heat which are loft, under various Circumftances, 
in culinary Proceffs. 


wt has been faid in the foregoing Chapter 
will, I truft, be fufficient to give my reader, 
a clear and diftiné&t idea of the fuojeét under con- 
fideration, in all its various details and connec- 
tions,—and enable him to comprehend, without 
the fmalleft difficulty, every thing I have to add 
on this fubject; and particularly to difcover the 
different objects I had in view in- the Experiments 
of which I am now about to give an account, and 
to judge with facility and certainty of the conclu- 
fions I have drawn from their refults. ; 

Thefe Experiments, though they occupy fe many 
pages in this Effay, are but a fmall part of thofe I 
have made, and caufed to be made under my di- 
re€tion, on the fubje€t of Heat, during the laft 
feven years. Were I to publifh them all, with all 
their details as they are recorded in the regifter that 
has been kept of them, they would fill feveral 
volumes. 

It was moft fortunate for me that this regifter is 
very voluminous ; for had it not been fo, I fhould 
in all probability have taken it with me to England 
Taft year, and in that cafe I fhould have loft it, 
with the reft of my papers, in the trunk of which 
I was robbed in paffing through St. Paul’s Church- 
yard, on my arrival in London after an abfence of 
eleven years 

© I bave many reafons tothink that thefe papers are fill in being j= 


what an everlafting obligation thould I be under to the perfon whe 
would caufe them to be returned to me! 
As 
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‘As I forefaw, when I firft began my ae 
-refpetting Heat, that I thould have occafion to 
make many Experiments on boiling Liquids, to 
facilitate the regiftering of them I fued a Table, 
(which I had printed,) in which, under various 
heads, every circumftance relative to any common 
Experiment of the kind in queftion could be en- 
tered with much regularity, and with little trouble. 

As this Table may be ufeful to others who may 

, be engaged in fimilar purfuits, and as the publith- 
ing of it will alfo tend to give my reader a more 
perfect idea of the manner in which my Experi- 
ments were conduéted, I fhall-(as an example) give 
an account ofone Experiment, in the fame form in 
which it was regiftered in one of thefe printed 
Tables. 

Thefe Tables, as they are printed for ufe, (on de- 
tached fheets,) occupy one fide of half a fheet of 
common folio writing-paper. 


An EXPERIMENT on tur MANAGEMENT or FIRE ix BOILING LIQUIDS} 
Made at [Muxicu], in [a Brew-houfe belonging to the Eleétor], the (15th) of (April 1795), 
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Every thing in this Table, except fuch figures 
and words as are printed between crotchets, is con- 
tained in the printed forms: Hence it is evident 
how much thefe Tables tend to diminifh the trouble 
of regiftering the refults of Experiments of this 
kind, and alfo to prevent miftakes. 

The example I have here given is an account ‘of 
an Experiment, in which a very large quantity of 
water, equal to 15,590 lbs. Avoirdupois in weight, 
or 1866 wine gallons of 231 cubic inches each, was 
ufed; but it is evident that thefe tables anfwer 
equally well for the {mall guantity contained by the 
fmaileft faucepan. 

The height of the barometer is expreffed in Paris 
inches; that of the thermometer in degrees of 
Fahrenheit’s fcale—The other meafures, as well 
of length as of capacity, are the common meafures 
of the countty (Bavaria) ; and the weight is ex- 
prefled in Bavarian pounds, of which 100 make 
123.84 lbs, Avoirdupois. 

‘What is entered under the head of Genzrat 
ResuLts of THE ExPERIMENT, requires no ex- 
planation; but what I have called the Pracisz 
Resuit mutt be explained. 

Having frequent occafion to compare the refults 
of Experiments made at different times and in dif- 
ferent feafons of the year, as the temperature of the 
water in the Boiler when the fire is lighted under it 
is feldom the fame in any two Experiments, and as 
the boiling heat varies with the variations of the 
preflure of the‘atmofphere, or of the height of the 

VOL. II. rg mercury 
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mercury'in the barometer, it became neceflary to 
‘make’ proper allowances for thefe differences. This 
I thought could beft be done by determining, by 
computation, from the number of degrees the 
water was. atiually heated, and the quantity of Fuel 
confumeéd in heating it that number of: degrees, 
how much Fuel would have been required to have 
it heated 180 degrees, or from the point of freezing 
to that of boiling water (the boiling point being 
taken equal to the temperature indicated by 212° 
of Fahrenheit’s thermometer, which is the boiling 
point under the mean preflure of the atmofphere 
at the furface of the fea): Then, by dividing the 
weight of the water ufed in the Experiment, (ex- 
preffed ini pounds,) by the weight of the Fuel ex- 
preffed in pounds neceffary to heat it 180 degrees, 
or from the temperature of freezing to that of 
boiling water ; this gives the number of pounds of 
ice-cold water which (according to the refult of the 
given Experiment) might have been made to boil,— 
with the heat generated in the combuftion of 1 Ib. 
of the Fuel, under the mean preffure of the at- 

mofphere at the level of the furface of the fea. 
The city of Munich, where all the Experiments 
were made of which 1 am about to give an account, 
being fituated almoft in the centre of Germany, 
lies very high above the level of the fea. The 
mean height of fhe mercuiy in the barometer is 
only about 28 Englith inches, confequently water 
boils at Munich at a lower temperature than at 
London. The difference is even too confiderable 
to 
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to be negleéted, it amounts to’ 23 degrees of Fah- 
renheit’s {cale,—being 209: degrees at a medium 
at Munich, and 212 degrees in all places fituated 
near the level of the fea. To render the refults of 
my experiments and computations mote fimple and 
more generally ufeful, I fhall always make due 
allowance for this difference. 

Having, from the aétual refult of each Experi 
ment, made a computation on the principles here 
defcribed, fhowing what (for the want of a better 
expreffion) I have called the Precife Refult of the 
Experiment, it is evident that thefe computations 
fhow very accurately the comparative merit of the 
mechanical arrangements, and the management of . 
the Fire in conducting the Experiments, in as far 
as relates to the Economy of Fuel; for the more 
ice-cold water that can be made to boil with the 
heat generated in the combuftion of any given 
quantity (1 Ib. for inftance) of Fuel, the more 
perfect of courfe (other things being equal) mutt 
be the conftruction of the fire-place. 

Under the head of Precise Resuit I have 
fometimes added another computation, fhowing 
how much “* boiling-hot water”? might, according to 
the refult of the given Experiment, be sept boiling 
“one bour’’ with the heat generated in the combuf- 
tion of “1 Ib. of the Fuel.” Though I have called 
this a Precife Refult, it is evident that in moft cafes 
it cannot be confidered as being very exact, owing 
to the difficulty of eftimating the quantity of Fuel 
in the fire-place, which is unconfumed at the moment 
when the water begins to boit. 
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In the foregoing example in making this com- 
putation I fuppofed that, when the water began to- 
boil, there was wood enough in the fire place un- 
confumed to keep the water boiling 43 minutes, 
and that the wood added afterwards (100 Ib.) kept, 
the water boiling the remainder of the time it boil- 
ed, or juft 2 hours. 

In moft cafes, however, to fave trouble in mak- 
ing thefe computations, I have fuppofed that all 
the wood employed in making the water boil is en- 
tirely confumed in that procefs, and that all the 
heat expended in keeping the water boiling is fur- 
nithed by the Fuel which is added after the water 
had begun to boil. This fuppofition is evidently 
erroneous ; but as the computation in queftion can 
at beft give but an inaccurate and doubtful refult, 
labour beftowed on it would be thrown away: 
But imperfeét as thefe rough eftimates are, they 
will however in many cafes be found ufeful. 

In giving an account of the following Experi- 
ments, I fhall not place them exaétly in the order in 
which they were made, but fhall arrange them in 
fuch a manner as I fhall think beft, in order that 
the information derived from their refults may 
appear in a clear point of view. 

For greater convenience in referring to them, 
I hall number them all; and as I have already 
given numbers to the four I mentioned. in the Firft 
Chapter of this Effay, I fhall proceed in regular 
order with the reft. 


Expes 
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Experiment, No. 5. 


The firft kitchen of the Houfe of Induftry at 
Munich has already been defcribed in the Firlt 
Chapter of this Effay ; and it was there mentioned, 
that the daily expence of Fuel in that kitchen, 
when food (peas-foup) was prepared for 1000 per- 
fons, amounted to 300 Ib. in weight of dry beech- 
‘wood. .Now as each portion of foup confifted of 
1ib., this gives 0.3 of a pound of wood for each 
pound of foup. 


Experiment, No. 6. 


The firft kitchen of the Houfe of Induftry hay- 
ing been pulled down, it was afterwards rebuilt on 
a gifferent principle. Inftead of Copper Boilers, 
Iron Boilers of a hemifpherical form were now 
ufed, and each of thefe Boilers had its own feparate 
clofed fire-place. The Boiler being fufpended by 
its rim in the brick-work, and room being left for 
the flame to play all round it. The fmoke went 
off into the chimney by an horizontal-canal, 5 
inches wide and 5 inches high, which was con- 
cealed in the mafs of brick-work, and which open- 
ed into the fire-place on the fide oppofite to the 
opening by which the Fuel was introduced. 

The Fire was made on a flat iron grate placed 
direétly under the Boiler, and diftant from its bot- 
tom about twelve inches. The afh-pit door was fur- 
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nifhed with a regifter; but there was no damper 
to the canal by which the fmoke went off into the 
chimney, which was a very great defeét. The 
opening into the fire-place was clofed by an iron 
door. Each of thefe Iron Boilers weighed about | 
148 Ibs. Avoirdupois, was 25! Englifh inches in 
diameter, and 14.935 inches deep, and contained 
1gof lbs. Bavarian weight of water, equal to 
245-91 lbs. Avoirdupois, or about 28; Englifh 
wine-gallons. 

From this account of the manner in which thefe 
Iron Boilers were fitted up, it is evident that the 
arrangement was not effentially different from that 
of kitchens for hofpitals, as they are commonly 
conftructed. 

From Experiments made with care, and often re- 
peated, I found that to prepare 89 portions (or 
89 Ibs. Bavarian weight) of peas-foup in one of 
thefe Boilers, 43 Ibs. of dry beech-wood were re- 
quired as Fuel, and that the procefs lafted four 
hours and an half: This gives 0.483 of a pound 
of wood for each pound of the foup. 

In the firft arrangement of this kitchen, only 
0.3 of a pound of wood was required to prepare 
1 lb. of foup: Hence it appears that the kitchen 
had not been improved,—confidered with a view 
to the Economy of Fuel,—by the alterations which 
had been made in it. This was what I expeGed ; 
for the objeét I had in view in conftruéting this, 
kitchen was not to fave Fuel, but to find out 
how much of it is wafted in culinary proceffes, a9 

they 
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they are commonly performed on avlarge feale in 
hofpitals and other inftitutions of public charity.— 
Till I knew this, it was not in my power to eftimate, 
with any degree of precifion, the advantages of any 
improvements I might introduce in the conftruétion 
of kitchen fire-places. 

To determine in how far the quantity of Fuel 
neceffary in any given culinary procefs depends on 
the form of the frre-place, (the Boiler and every 
other circumftance remaining the fame,) I made 
the following Experiments. 


Experiments, No. 7 and No. 8. 


Two of the Iron Boilers in the kitchen of the 
Houfe of Induftry (which, as they were both caft 
from the fame model, were as near alike as poffible) 
being chofen for this Experiment, one of them 
(No. 8.) being taken out of the brick-work, its 
fire-place was altered and fitted up anew on im- 
proved principles. The grate was made circular 
and concave, and its diameter was reduced to 12 
inches ; the fire-place was made cylindrical above 
the grate, and only 12 inches in diameter; and 
the Boiler being feated on the top of the wall of 
this cylindrical fire-place, the flame pafling through 
a fmalk opening on one fide of the fire-place, at the 
top of it, made one complete turn about the Boiler 
before it was permitted to go off into the canal by 
which the fmoke paffed off into the chimney. 

C3 Though 
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Though there was no damper in this canal, 
yet as its entrance or opening, where it joined the 
canal which went round the Boiler, was confider- 
ably reducéd in fize, this anfwered (though im- 
perfeétly) the purpofe of a damper. This fire- 
place being completed, and a fmall Fire having 
been kept up in it for feveral days to dry the ma- 
fonry, the Experiment was made by preparing the 
fame quantity of the fame kind of foup in this, and 
in a neighbouring Boiler whofe: fire-place had not 
been altered. 

‘The food cooked in each was 89 ib. of Peas-foup; 
and the Experiment was begun and finifhed in both 
Boilers at the fame time. 

The wood employed as Fuel was pine; and it 
had been thoroughly dried in an oven the day be- 
fore it was ufed. 

The Boilers were both kept conftantly covered 
with their double covers, except only when the 
Soup was ftirred about to prevent its burning to 
the bottoms of the Boilers. 

The refult of this interefting Experiment was as 
follows : 











Experiment \Experiment 
No. 7. No. 8. 

In Ld Boiler 
- 0. 8, 

Inthe Boiler | hoe 

or | moved Fire 
place, 

o— 


os of wood confumed in cook- 
9 Ibs. Bavarian weight of | 
Pesrfoup cee tee 37 lbs. 14 Ibs. 


Thefe 
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Thefe Experiments were made on the 7th of 
November 1794. On repeating them the next day 
with pine-wood, which had not been previoutly 
dried in an oven, the refult was as follows : 


Experiments, No. 9 and No. 10. 


{Experiment Experiment 
No. 9. No. 10, 


In the Boilyr 
. No. 8 

tm the Roller | ich the im. 

i proved Fire 


places 





Quantity of wood confumed in cook- | 
ing 89 lbs. of Peas-foup - - -| 39lbs. 16 Ibs. 


The firft remark I fhall make on the refults of 
thefe Experiments is the proof they aflord, by com- 
paring them with that which preceded them 
(No. 6.), of the important faé&t, that pine-wood af- 
fords more heat in its combuftion than beech. This 
faét is the more extraordinary, as it is direétly con- 
trary to the opinion generally entertained on that 
fubjec& ; and it is the more important, as the price 
of pine-wood is, in moft places, only about half as 
high as that of becch, when the quantities, ofimated 
by weight, are equal. 

In the Experiment No. 6. it was found, that 
43 Ib. of dry beech-wood were neceffary, when ufed 
as Fuel,, to prepare 89 lbs. of Peas-foup. In the 
Experiment No. 7. the fame procefs was per- 
formed with 37 Ib. and in the Experiment No. 9. 

a4 with 
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with ggIb. of dry pine. . But I fhall have oceafion 
to ¢reat this fubject more at length in another place. 
In the mean time I would, however, juft obferve, 
that all my Experiments have uniformly tended to 
confirm the fact, that dry pine-wood affords more 
heat in combuftion than dry beech. J have reafon 
to think the difference is in fact greater than the 
Experiments before us indicate; but the apparent 
amount of it will always depend in a great meafure 
on the circumftances under which the Fuel is con- 
fumed ; or, in other words, on the conftruction of 
the fire-place ; and it is no fmall advantage attend- 
ing the fire-places 1 fhall recommend, that they are 
fo contrived as to increafe, as much as it is poffible, 
the fuperiority of the moft common and cheapeft 
fire-wood over that which is more fecarce and 
coftly. 

By comparing the refults of thefe two fets of Ex- 
periments (No. 7 and No. 8, No.9 and No. 10.) 
an eftimate may be made of the advantage of ufing 
very dry wood for Fuel, inftead of making ufe of 
wood that has been lefs thoroughly dried ; but as I 
mean to take an opportunity of inveftigating that 
matter alfo more carefully hereafter, I fhall not at 
prefent enlarge on it. farther than juft to obferve, 
that as the wood, which was dried in an oven, was 
weighed for ufe after it had been dried, and as it 
certainly weighed more before it was put into the 
oven, the real faving arifing from ufing it in this 
dried ftate is not fo great as the difference in the 
weights of the quantities of wood ufed in the two 

Expe- 


Experiments. To eftimate that faving with preci. 
fion, the wood fhould. be weighed before it is dried, 
or in the fame ftate in which.the other parcel of 
wood, which is ufed without being dried, is 
weighed. 

But to proceed to the principal objeét I had in 
view in thefe Experiments ;—the determination of 
the effects of the difference in the conftruétion of 
the two fire-places ;—the difference in the quantity 
of Fuel expended in the two-fire-places in per- 
forming the fame procefs, fhows, in a manner 
which does not ftand in need of any illuftration, 
how much had been gained by the improvements 
which had been introduced. 

Conceiving it to be an objeé&t of great import- 
ance to afcertain by actual experiment, and with as 
much precifion as poffible, the real amount of the 
advantages, in regard to the Economy of Fuel, that 
may be derived from improvements in the forms of 
fire-places, I did not content myfelf with improv- 
ing from time to time the kitchens I had con- 
ftruéted, but I took pains to determine how much 
I had gained by each alteration that was made. 
This was neceflary, not only to furnifh myfelf 
with more forcible arguments to induce others to 
adopt my improvements, but alfo to fatisfy myfelf 
with regard to the progrefs I made in my in- 
veftigations. 

In the firft arrangement of the kitchen of the 
Military Academy, the Boilers were fufpended by 
their rims in the brick-work in fuch a manner that 


the 
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the:flame could pafs freely all round them, and the 
fmoke went off in horizontal canals which led to 
the chimney, but which were not furnifhed with 
dampers. 

The Fire was made on a flat fquare iron-grate ; 
and the internal diameter of the fire-place was 2 or 
3, inches larger than the diameter of the Boiler 
which belonged to it. The bottom of the Boiler 
was from 6 to 10, or 12 inches (according to its 
fize) above the level of the grate; and the door of 
the opening into the fire-place, by which the Fuel 
‘was introduced, was kept conftantly clofed. The 
afh-pit door was furnifhed with a regifter, and the 
Boilers were all furnifhed with double covers. 

Having, in confequence of the progrefs I had 
made in my inquiries refpeCting the Management of 
Heat and the Economy of Fuel, come to a refolu- 
tion to pull down this kitchen, and rebuild it on en 
improved principle; previous to its being demo- 
lithed, I made feveral very accurate Experiments to 
determine the real expence of Fuel in the fire- 
places as they then exited, with all their faults; and 
when the new arrangement of the kitchen was 
completed, I repeated thefe Experiments «with the 
fame boilers ; and by comparing the refults of thefe 
two fets of Experiments, I was able to eftimate 
with great precifion the real amount of the faving 
of time as well as of Fuel,—which were derived 
from the improvements I had introduced. 

After all that has been faid (and perhaps already 
too often repeated in different parts of this Effay) 

on 
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on the conftruction of fire-places, my reader will 
be able to form a clear and juft jdea of the conftruc- 
tion of thofe of which Iam now fpeaking, (thofe of 
tthe kitchen of the Military Academy, in its prefent 
improved ftate,) when he is told that the Fire 
burns on a circular concave iron grate, about half 
the diameter of the circular Boiler which belongs to 
the fire-place ; that the fire-place, properly fo call- 
€d, is a cylindrical cavity in the folid brick-work 
which fupports the Boiler, equal in diameter to the 
circular grate, and from fix to ten inches high, 
more or lefs according to the fize of the Boiler; 
that the Boiler is /et down on the top of the cir- 
cular wall which forms this fire-place, a fmall open- 
ing, from three to four or five inches in length 
taken horizontally, and about two or three inches 
high, being left on one fide of this wall at the top 
of it, that the flame which burns up under the 
middle of the bottom of the Boiler may afterwards 
pafs round (in a fpiral canal conftrutted for that 
purpofe) under that part of the bottom of the 
Boiler which lies without the top of the wall of the 
fire-place on which the Boiler repofes. The flame 
having made one complete turn under the Boiler in 
this fpiral canal, it rifes upwards, and going once 
round the fides of the boiler, goes off by an hori- 
zontal canal, furnifhed with a damper, into the 

chimney. : 
In order that the top of the circular wall of the 
fire-place on which the Boiler is feated, may not 
15 : cover 
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cover too much of the bottom of the Boiler, its. 
thicknefs is fuddenly reduced in that part (that is 
to fay juft where it touches the Boiler) to about 
half an inch. 

The opening by which the Fuel is introducea 
into the fire-place, is ‘a conical hole in a piece of 
fire-ftone, which hole is clofed by a fit topper made 
of the fame kind of ftone. The afh-pit door and 
its regifter are finithed with fo much nicety, that, 
when they are quite clofed the Fire almoft inftan- 
taneoufly goes out. 

The dimenfions of the Boiler, in which the Ex- 
periments of which I am about to give an account 
were made, are as follows : 

Diameter {Pry 2 14935 } Inches, Englith meafure. 
Depth - - - - 1452 


It weighs 37 Ibs. Avoirdupois; and it contains, 
when quite full, about 73 lbs. Avoirdupois, equal 
to 84 gallons (wine-meafure) of water. 

In two Experiments with this Boiler, which were 
both made by myfelf, and in which attention was 
paid to every circumftance that could tend to ren- 
der them perfect, the refults were as follows : 


and the Economy of Fuel. 


Quantity of Water in the Boiler, 
in Bavarian pounds - - - - 
Temperature of the water in the 
Boiler. at the beginning of the 
Experiment - 
Time employed in “making “the 
water boil - - 
Wood confumed in making the 
water boil, in Bavarian pounds - 
ee the water continued boil- 
Wool added t to “keep ‘the water 
boiling - - - -- 
Kind of wood ued - - = = 


Precife Refulss. 
Ice-cold water heated 180 degrees, 
a besb, with 1 Ib. of 
Boiling. -hot water kept boiling 
1 hour, with 1 Ib. of wood - 








Experiment 
Oe UIs 


The firft 
Fire-place. 





43-63 lbs. 


59° 
67 min. 
g Ibs. 


2 brs. 2 min.| 


5 tbs. 
Pine 


4.02 Ibs. 


17.74 Ibs. 
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Experiment 
iO. 12. 
(The improved 

Fire-pl 





43-63 Ibe. 


60° 

30 min. 
3 lbs. 

3 hours 


2 Hbs. 
Pine 


11.93 Ibs. 





52.36 Ibs. 
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The following Experiments were made with two 
Copper Boilers, (No. 1 and No. 2.) nearly of the 
fame dimenfions, in the kitchen of the Military 
Academy at Munich, in the prefent improved ftate’ 
of thatkitchen. Thefe Boilers are round and deep, 
and weigh each about 62 Ibs. Avoirdupois. They- 
belonged originally to the kitchen of the Houfe of 
Induftry, being two of the eight Boilers which, in 
the firft arrangement of that kitchen, were heated, 
by the fame Fire. 

Their exaét dimenfions, meafured in Englifh 
inches, are as follows : 







The Boiler » The Boiler 
No. 1. | No. 2. 


Inches. Inches. 

Diameter § 2b0vE 22.66 22.66 
below — 19.82 20.85 

Deph — — — 24.72 22.04 


At the beginning of each of the following Ex# 
periments, each of thefe Boilers contained juft 95 
meefures (or Bavarian maafé) of water, weighing 
187 Ibs. Bavarian weight, (equal to 232.58 lbs. 
Avoirdupois,) or a trifle lefs than 28 gallons. 

The grate on which the Fire was made under 
each of thefe Boilers is circular and concave, and 
11 inches in diameter ; and their fire-places are in 
all refpeéts fimilar to that juft defcribed (Experi- 
ment No. 11.). Both Boilers are furnifhed with 
double covers, 


The 
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The Experiments made with the Boiler No. 1. 
and their refults, were as follows : 


Quantityof water in 
the Boiler in the 
beginningof the Ex- 

riment = = = 
‘emperature of the 
water in the Boiler 
at the beginning of 
the Experiment - 
Time employed in 
making the water 
boil - - - - + 
Wood confumed in 
making the water 
bcil - - = + = 
‘Time the water con- 
tinued to boil ~~ 
Quantic ‘of Fuel add- 
ed to Leep it boil- 
ing this time 
Kiud of wood ufed as 
Ful - - - - 


Precife Refulis of the 
‘<periments. 
Ice-cold water heated 
180°, or made to 
boil, with the heat 
generated in_ the 
combuttion of 1 Ib. 
of the Fuel - - 
Boiling water kept 
bollag one hour, 
with heat gene- 
rated in the combuf- 
tion of 1 Ib.*of the 




















$3 


No. 16, 





187 


5st® 


min. 


62 
Ibs. 


he ming 
2 19 


dbs. 


Pine 


Experiment! Experiment! Experiment! Experiment 
No. 13. | No. 1g. | No- 15+ 
Ibs. Ibs. Ibs. 
187 187 187 
610 59° 64° 
min. min. min. 
7 6 61 
Ibs. Ibs. Ibs. 
12 15 9 
min. min, min. 
17 23 6 
Beech | Beech | Pine 
Ibs. Ibs. Tbs. 
12.89 Tht S 16.89 
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All the foregoing Experiments were made on 
the fame day, (the 1 3th of O&ober 1794,) and in 
the fame order in which they are numbered. 


The following are the refults of the Experircats 
made with the Boiler No. 2. 


Experim. { Experi. | Ex) Exgerim. | Experim, 
No. 17. | No. 18. | No. ry. | No. 20. | No. 21. 




















Suu of water in the | 

ler at the beginning 

of the Experiment, in| Ibs. Tbs. Ibs. Ibs. Ibs. 
Bavarian pounds | —| 187 187 187 187 187 


‘Temperature of the wa- 
ter in the Boiler at the 
begibniog of the Ex- 


periment = — —| 61° 58° | 60" ss | are 
‘Time employed in mak-| min. | min. | min. | min. 

ing the water boil —! 75 55 57 60 ~ 
‘Wood confumed in mak-} ibs. Ibs. ks. Ibs. 

ing the water boil =—| 11 a 9 8 = 
‘Time che water continu-| min. | min. | min. | b. min. | a. mins 
edtobol — —| ar 17 8 [2 a9] 1 io 
‘Wood added to keep the ib. tbs. Tos. 
water boiling — —| 5 — — ot rs 
Kind of wood wled —} Bech | Beech | Pine j Pine | Beech 


Precife Refults 
Tce-cold water heated 

















380°, or made to boil,| Ibs. | Ibs. Ibs. Ibs. 

with 11. of wooa —| 13-92 | 14-33 | 37-59 | 2010] — 
Boiling-hot water kept 

boiling one hour with’ Tbs. Ibs. 
21b, of wood — —| - — | 132.68 | 145.44 


This fet of Experiments was made at the fame 
time with the foregoing fet, namely, on the 13th 
Oétober 1794, and they were made in the order in 
which they are here regiftered. In the laft but 
one, (No. 20.) the Economy of Fuel in,the procefs 
of heating water was carried farther than in any 
other Experiment I have ever made. 

In 
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In the following Experiments, which were made 
in a large Copper Boiler fitted up on my moft im- 
proved principles, belonging to the kitchen of the 
Houfe of Induftry, the Economy of Fuel was car- 

nearly as far. 

Boiler, which is circular, i is 424 Englith 
inches in diameter above; 42.17 inches in dia~ 
meter below; and 18.54 inches deep. It weighs 
78+tlbs. Avoirdupois; arid contains, when quite 
full, 714 lbs. Bavarian weight (= 884 lbs. Avoir- 
dupois, or 106 gallons) of water, at the tempera- 
ture of 55°. 

It is furrounded above by a wooden ring about 
two inches in thicknefs, into which it is fitted ; and 
in this ring, in a groove about 3 of an inch deep, 
is fitted a circular wooden flat cover; this cover- 
is formed in three pieces, united by iron hinges; 
and one of thefe pieces being faftened down by 
hooks to the Boiler, the other two are fo contrived 
as to be folded back upon it occafionally. From 
the upper furface of the part of the cover which is 
faftened down on the Boiler, a tin tube two inclics 
in diameter, furnifhed with a damper, is fixed, by 
which the fteam is carried off into a narrow wooden 
tube, which conduéts it through an opening in the 
roof of the houfe into the open air. 

To prevent {till more effectually the efcape of 
the Heat through the wooden cover of the Boiler, 
the upper furface of it is protected from the cold 
atmofphere’by a thick circular blanket covered on 
both fides by ftrong canvas, which is occafionally 
thrown over it. 


Val. Ue H Though 
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Though the diameter of this Boiler below is 
more than 40 inches, the diameter of its fire-place 
(which is juft under its centre) is only 11 inches ; 
but as the flame makes two complete turns under 
the bottom of the Boiler in a fpiral canal, and_gric 
turn round it, the time required to heat. it ig not fo 
great as, from the fmailnels of its fire-places might 
have been expected. 

It has ever been, and fti]l continues to be, the: 
decided favourite of the cook-maids. 

‘The wood uled as Fuel in the following Experi- 
ment was pine moderately dried. The billets were fix 
-inches long, and from one to two inches in diameter. 

The following Table fhows the refults of five 
Experiments that were made with this Boiler by 
myfelf, juit after +t was fitted up: 

















- | Experim. | Experim. [Experim. | Experim. 
No. 23.} No. 24. | No. 25. ; No. 26. 
a it sa 

uantity of water in the | 

See im Bavarian| Ibs. Tbs, Ibs. Ibs. Ibs. 
pounds — — —| se8 | 127 254 08 508 
‘Temperature of the w-| 

ter at the beginning of| 

the Experiment ——| 48° | 48e 96° 489 
Time required to mske| min. | min. | he min, | bh. min. 

the water boil — —[2 4 st | a as | 2 35 

Fuel employed to make] Ibs. Ibs. Ibs. Ibs. | 

the water boil — —| 24% 8E nb 25 

‘Time the water conti-| be : he 

ued boiling — — = te 3 = 
Fuel added to keep the| Ibs Ws. 

water boiling — —| 612 = i as = 
Paretsr Rasunre of 

the Experimentss 

With the heat generated 

io the combuttion of 

1b. of the Fucl, . 

Ice-cold water heated] Ibs Ibs. Ibs. Ibs. Ibs. 
180% o made to bil | 18.37 | 1274 | 1269 | 17.48 | 100 
Or boiling-hot water 

‘kept boiling one hour | 736.61. ' — | 338.66 
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‘Without ftopping to make any obfervations on 
the refults of thefe Experiments, (though they 
afford matter for feveral of an interefting nature,) 
I fhall 3 miele to give a brief account of another 
‘Yee of Experiments, on a much larger feale, which 

a in the Copper Boiler of a Brewery be- 
maging to the Eleétor. 

This Boiler, which is re€tangular, is ten feet 
long, eight feet wide, and four feet deep, Bavarian 
meafure*, and contains 8176 Bavarian maaffe, or 
meafures, equal to 1866 gallons wine meafure. 
On examining this Boiler, I found its fire-place was 
conftruéted on very bad principles; and on in- 
quiring refpe€ting the quantity of fire-wood con- 
fumed in it, I found the wafte of Fuel to be very 
great. 

This Brewery is ufed for making {mall white 
beer, (as from its pale colour it is called,) from 
malt made of wheat; and as it is worked all the 
year round, the expence of Fuel was very great, 
and the economy of it an object of confiderable 
importance. 

The quantity of fire-wood (pine) that had at an 
average been confumed daily in this Brewery was 
rather more than four Bavarian clafters, or cords. 
On altering the fire-place of this Brewery, and put- 
ting a (wooden) cover to the Boiler, I reduced this 
expence to lefs than 1{ clafters. 

In the new fire-place which I caufed to be con- 
ftruéted for this Boiler, the cavity under the Boiler 


* 100 Bavarian inches are equal to gs inches Englifh meafure. 
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is divided into three flues, by thin brick walls which 
run in the direétion of the length of the Boilet. 
The middle flue, which is twice as wide as one of 
the fide flues, is occupied by the burning Fuel, and 
is furnifhed with a grate 20 inches wide, and<s6 
inches long ; and the opening by which the “uel is 
introduced into the fire-place is clofed by two iron 
doors, placed one behind the other, at the diftance 
of eight inches. The grate, which is placed at the 
hither end of the fire-place, is horizontal, and it is © 
fituated about twenty inches below the bottom of 
the Boiler. The air which ferves to feed the Fire, 
is let in under the grate through a regifter in the 
afh-pit door. 

When the double doors which clofe the en- 
trance into the fire-place are fhut, the flame of the 
burning Fuel firft rifes perpendicularly againit the 
bottom of the Boiler; it then paffes along to the 
farther end of the (middle) flue, which conttitutes 
the fire-place, where it feparates, and returns in 
the two fide flues; it then rifes up into two hori- 
zontal flues (one fituated over the other) which go 
all round the Boiler ; and having made the circuit 
of the Boiler, it goes off into feparate canals (fur- 
nifhed with dampers) into the chimney. 

Though the Figures 17 and 18, Plate Ill. are not 
drawings from the fire-place I am now defcribing, 
but of another which I fhall foon have occafion to 
defcribe, yet an infpeétion of thefe figures will be 
found ufeful in forming an idea of the principles 
on which the fire-place in queftion was conftruéted, 

and. 
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and on that account I fhall occafiqnally refer to 
them. 

The burning Fuel being confined within a nar- 
row compafs,—being well fupplied with freth air,— 
and t¢ing furrounded on all fides by thin walls of 
brick, (which are non-conduétors,) the heat of the 
fire is moft intenfe, and the combulftion of the 
Fuel of courfe very complete, The flame, whith 
is clear and vivid in the higheft degree, and per- 
fetly unmixed with fmoke, runs rapidly along 
the bottom of the Boiler, (which forms the top of 
the flues,) and from the refiftance it meets with in 
its paflage, from fri€tion, and from the number of 
turns it is obliged to make, it is thrown into innu- 
merable eddies and whirlpools, and really affords a 
moft entertaining ipe@tacle. 

That I might be able to enjoy at my eafe this 
amufing fight, I caufed a glafs window to be made 
in the front wall of the fire-place, through which 
I could look into the Fire when the fire-place doors 
were fhut ; and I was well paid for the trouble and 
the trifling expence I had in getting it executed. 

Some may be tempted ta fmile at what they may 
think a childifh invention; but there are many 
others, 1 am confident, and among thefe many 
grave philofophers, who would have been very 
glad to have fhared my amufement. 

The window of which I am fpeaking is circular, 
and only fix inches in diameter ; but as the hole in 
the wall is conical, and much larger within than 
without, the field of this window (if I may ufe the 

3 expreflion) 
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expreffion) is fufficiently large to afford a good view 
of what paffes in the fire-place. 

This conical hole is reprefented in the Figures 
18 and 21, by dotted lines. It is fituated on the 
Jeft hand of the entrance into the fire-place. _ 41if0 
the opening of the hole in the wall, on the Surfide 
of it, is fixed a fhort tube of copper, (about fix 
inches in diameter, and four inches long,) and in 
this tube another fhort moveable tube is fitted, one 
end of which is clofed by the circular plate of glafs 
which conftitutes the window. As the wall of the 
fire-place in front is thick, this pane of glafs is at a 
confiderable diftance from the burning Fuel, and as 
thereis no draught through the hole in the wall, the 
glafs does not grow very hot. 

Ihave been the more particular in my defcription 
of this little invention, as I think it may be uieful : 
There are many cafes in which it would be very 
advantageous to know exaétly what is going on in 
a clofed fire-place; and this never can be known 
by opening the door; for the inftant the door is 
opened, the cold air rufhing with impetuofity into 
the fire-place, deranges entirely the whole economy 
of the Fire: Befides this, it is frequently very dil- 
advantageous to the procefs which is going on, to 
open the door of a fire-place; and it is always at- 
tended with a certain lofs of heat, and confequently 
fhould as much as poflible be avoided. 

T intimated that the window I have been defcrib- 
ing afforded me amufement ;—it did ftill more,—it 
afforded me much ufeful information ;—it gave me 

an 
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an opportunity of ob/erving the various internal mo- 
tions into which flame may, by proper manage- 
ment of the machinery of a fire-place, be thrown ; 
and of eftimating, with fome degree of precifion, 
tieir different effects. In fhort, it made me better 
acquaixted with the fubje& which had fo Jong 
engaged my attention—(Fire);—and with regard 
to that fubje&, nothing furely that is new can be 
uninterefting, But to return to the Brewery :—To 
the top of the Boiler was fitted a curb of oak tim- 
ber : The four ftraight beams of which this curb was 
conftruéted are each about 7 inches thick, and 15 
inches wide; and the upper part of the Boiler is 
fattened by large copper nails to the infide of the 
fquare frame formed by thefe four beams. From 
the top of this curb is raifed a wooden building, 
like the roof of a houfe with a double flant or bevel, 
which ferves as a cover to the Boiler. This build- 
ing, the fides of which are about three feet high 
inwards, and the top of which is covered in by a 
very flat roof, flanting on every fide from the 
centre,—is conftruéted of a light frame-work of 
timber, (four-inch deal joifts,) which is covered 
within as well as without with thin deal boards, 
which are rabbetted into each other at their edges, 
to render the cover which this little edifice forms 
for the Boiler as tight as poffible. 

From the top of this cover, an open wooden 
tube, (m,,Fig. 17.) about i2 inches in diameter, 
rifes up perpendicularly, and going through the 
roof of the Brewhoufe, ends in the open air, This 

M4 tube, 
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tube, which is furnifhed with a wooden damper, is 
intended to carry off the fteam. 

’ On the fide of this cover next the mafhing-tub, 
as alfo on that oppofite to it, by which the wort 
runs off into the coolers, there are large foldirig 
wooden doors, (i and &, Fig. 17.) which aré occa- 
fionally lifted up by means of ropes which pafs over 
pullies faftened ‘to the ceiling of the Brewhoufe. 
There are likewife two glafs windows (fee 
Fig. 17.) im two oppofite fides of the cover, 
through which, as foon as in confequence of the 
boiling of the liquid the {team becomes tranfparent 
and invifible, (which happens in a very few minutes 
after the liquid has begun to boil,) the contents of 
the Boiler may be diftin€tly feen and examined. 

Whenever there is occafion during the boiling to 
open either a door or a window of the cover, it is 
neceffary to begin by opening the damper of the 
fteam-chimney, otherwife the hot fteam, tufhing 
out with violence, would expofe the by-ftanders 
to the danger of being fcalded; but when tke 
damper of the fteam-chimney is open, no fteam 
comes into the Brewhoufe, though a door or win- 
dow of the cover be wide open. 

Another fimilar precaution is fometimes necef- 
fary in opening the door of the fire-place, which. it 
may be ufeful to mention.—When the dampers in 
the canals by which the fmoke goes off into the 
chimney are nearly clofed, (which muft frequently 
be done to confine and economife the heat,) if, 
without altering the damper, or the regifter in the 

afh. 
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ath-pit door, the fire-place door be fuddenly open. 
ed, it will frequently happen that fmoke, and fome, 
times flame, will ruth out of the fire-place by this 
paflage. This accident may be ‘eafily and effect- 
ually prevented, either by opening the damper, or 
by clofing the regifter of the afh-pit door, the mo- 
ment before the fire-place door is opened.—This 
precaution fhould be attended to in all fire-places 
of all dimenfions, conftructed on the principles I 
have recommended. 

To economife the time and the siaticace of my 
reader as far as it is poffible, without fuppreffing 
any thing effential relating to the fubje& under 
confideration, I fhall give him, in a very {mall 
compals, the general refults of a fet of Experi- 
ments which coft me more labour (or at leaft more 
time) than it would coit him ta read all the Effays, 
I have ever written. J believe 1 am fometimes too 
prolix for the tafte of the age,—but it fhould be 
remembered that the fubjects I have undertaken to 
inveftigate are by no means indifferent to me ;— 
that I conceive them to be intimately connetted 
with the comforts and enjoyments of mankind ;— 
and that a habit of revolving them in my mind, 
and reflecting on their extenfive ufefulnefs, has 
awakened my enthufiafm, and rendered it quite im- 
poflible for me to treat them with cold indifference, 
however indifferent or tirefome they may appear to 
thofe who have not been accuftomed to view them 
in the fame light. 


I have 
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I have already given an account, in all its va. 
rious details, of one Experiment which was made 
(on the 15th of April 1795) with the Boiler we 
have juft been defcribing (fee page 78). 
recapitulate the general refults of that Experiment, 
and compare them with the meaa refults of two 
other like Experiments made with the fame Boiler. 


Quantay of water in the Boiler - 
Temperature of the water in the 
Boiler at the beginning of the 
Experiment ~ - - - - - 
Time required to make the wat-r! 


tee S eS Sm ST 


Fuel employed to make the water 
Silos Se oe eS 


Time the water continued boil- 


ing - - - - - = - = 
Fuel added to keep the water 
boiling - - - - - - - 


Kind of Fo ued - - - - - 


Preciss Resuirs of the 
Experiments. 

wantity of ice-cold water which 
might be heated 180”, or made 
to boil, with the heat ‘gene- 
rated in the combuittion of 14. 
ofthe Ful + - = = - 

Trme in which, according to the 
refult of the Experiment, ice- 
cold water might (at Munich) 
be made to boil with the given 
proportion of Fuel - - - = 

Quantity of boiling-bot water 
“pt boiling one hour with the 
heat generated in the com. 


buftion of 1Ib. of the Ful -} 





i 





Experiment 
No. 27. 


12,508 lbs, 


60" | 
3 h. 40 min. 
8co Ibs. 
2h. 43 min, 


100 lbs. 
Pine-wood 


12.06 Ibs. 


4h. 20min. 


4339-80 Ibs. 


I hall now 


Experiment 
No. 28. 


| 12,508 Ibs. 





53) 
3 he 48min, 
S25lbs. 


Pine-wood 


12.70 lbs. 


| 4h. 20 min. 
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On comparing the refults of thefe-Experiments 
with thofe made in the Boilers of thé kitchens of 
the Houfe of Induftry and Military Academy, 1 
was led to imagine that either the Boiler, or the 
fire-place of the Brewery, or both, were capable 
of great improvement ; for in fome of the Experi- 
ments with thefe fmall kitchen Boilers, the Eoo- 
nomy of Fuel had been carried fo far, that with 
the heat generated in the combuftion of 1b. of 
pine-wood, it appeared that 20lbs. of ice-cold 
water might have been made to boil; but here, 
though the machinery was ona fcale fo much larger, 
(and I had concluded, too rathly indeed, as wili be 
fhown hereafter, that the larger the Boiler the 
greater is of courfe the Economy of Fuel,)—the 
refults of thefe Experiments indicated, that not quite 
13 Ibs. of ice-cold water could have been made to 
boil with the heat furnifhed in the combutftion of 
1 |b. of the wood. 

The Experiments, No. 22, No. 25, and No. 26, 
which were made with the largeft of my kitchen 
Boilers, had, it is true, afforded grounds to fufpe& 
that, beyond certain limits, an increafe of fize in 
a Boiler does not tend to diminifh the expence of 
Fuel in the procefs of heating water; yet, as all 
my other Experiments had tended to confirm me 
in the opinion I had, at an early period, imbibed on 
that fubject, I was difpofed to fufpeét any other 
caufe than the true one of having been inftru- 
mental in ‘producing the unexpected appearances I 
obferved. 





I was 
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1 was much difappointed, I confefs, at finding 
thatthe Brewhoufe Boiler, notwith{tanding all the 
pains I had taken to fit up its fire-place in the moft 
perfe& manner, and notwithftanding its enormous 
dimenfions, when compared with the Boilers I had 
hitherto ufed in my Experiments, fo far from an- 
fwering my expectations, actually required confi- 
derably more Fuel, in proportion to its contents, 
than another Boiler fitted up on the fame princi. 
ples, which was not one fiftieth part of its fize. 

This unexpected refult puzzled me;—and I 
muft own that it vexed me, though I ought per- 
haps to be afhamed of my weaknefs ;—but it did 
not difcourage me. Finding on examining the 
Boiler, that its bottom was very thick, compared 
with the thicknefs of the fheet copper of which my 
Kitchen Boilers were conftruéted, it occurred to 
me that poflibly shar might be the caufe, or at leaft 
one of the caufes, which had made the confumption 
of Fuel fo much greater than I expected; and as 
there was another Brewhoufe in the neighbour- 
hood belonging to the Elector, which, luckily for 
me, ftood in need of a new Boiler, I availed myfelf 
of that opportunity to make an Experiment, which 
not only decided the point in queftion, but alfo 
eftablifhed a new fact with regard to heat, which I 
conceive to be of confiderable importance. 

. Having obtained the Eleétor’s permiffion to ar- 
range the fecond Brewhoufe as I fhould think beft, 
¥ determined to {pare no pains to render it as per- 
fe& as poffible in all refpeéts, and particularly in 


every 
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every thing relating to the Economy of Fuel. As 
in brewing, in the manner that bufinefs is carried 
on in Bavaria, where the whole procefs, in as far as 
Fire is employed in it, is begun and finifhed in the 
courfe of a day, the faving of time, in heating the 
water and boiling the wort, is an object of almoft 
as much importance as that of economizing Fuel, 
and confequently demanded particular attentions: . 

The means I ufed for the attainment of both 
thefe.objeéts will be evident from the following de- 
feription of the Boiler and its fire-place, which I 
caufed to be conftructed, and which are reprefented 
in all their details in the Plates III, IV, and V. 

This Boiler is 12 (Bavarian) feet long, 10 feet 
wide, and only 2 feet deep. The fheet copper of 
which it is made is uncommonly thin for a Boiler 
of fuch large dimenfions, being at a medium lefs 
than one-tenth of an Englith inch in thicknefs. This 
Boiler, when finifhed, weighed no more than 
674 lbs. Bavarian weight, equal to 834! Ibs. Avoir- 
dupois, exclufive of 64 Ibs. of copper nails ufed in 
rivetting the fheets of copper together. 

The top of the Boiler is furrounded by a ftrong 
curb (a, b, Fig. 17.) of oak timber, to which it is 
attached by {trong copper nails, and over the Boiler 
is built a roof, or ftanding cover, (fee Fig. 17.) 
fimilar in all refpeéts to that already defcribed. The 
bottom of the Boiler is flat, and repofes horizon- 
tally on the top of the thin brick walls by which 
‘the fire-place is divided into flues. (See Fig. 18.)— 
Thefe flues do not run in the direétion of the length 

of 
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of the Boiler, but from one fide of it to the 
other ;—coniequently the door of the fire-place is 
tn the middle of one fide of the Boiler. 

The fheets of copper, of which the bottom of 
the Boiler was conftructed,, run in the diretion 
of the flues; and they are juft fo wide that their 
feams or joinings (where they are united to each 
other by their fides) repofe on the walls of the flues, 
except only in the middle fue, which, being about 
twice as wide as the others, one feam was neceffarily 
left unfupported, at leaft a confiderable part of its 
length.—The fheets of copper ufed in conftruéting 
this part of the bottom of the Boiler are rather 
thicker and ftronger than the reft: They are juit 
o.118 of an Englifh iach in thicknefs. 

The fire is made under this Boiler in the middle 
flue, which, as I have juft obferved, is a little more 
than twice as wide as one of the other flues. There 
are five flues under the Boiler; namely, one in the 
middle 44 inches wide, above, in the clear, (which 
conftitutes the fire-place,)—and wo on each fide 
of it, in which the flame circulates; one 20 inches 
wide, and the other 19 inches wide. 

The fide flues are each 14 inches deep ;—but as 
the walls which feparate them are much thicker 
below than above, where the bottom of the Boiler 
repofes on them, the width of thefe flues below is 
only 13 inches.—The walls of thefe flues are fhown 
by dotted lines in Fig, 17. 

The walls which feparate the flues do not run 
quite from one fide of the Boiler to the other; an 


15 opening 
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opening being left at one end of each of them equal 
to the width of one of the narrow flues for the paf- 
fage of the flame from one flue into another, with-, 
out its going from under the Boiler. 

The Fire being made (on a circular grate) in the 
middle flue (fee Fig. 18.), the flame paffes on in 
this flue to its farther end, and then, dividing.to 
the right and left, comes forward in the two ad- 
joining fide-flues. Having arrived at the wall 
which fupports the front of the Boiler, it turns 
again to the right and left; and, entering the two 
outfide flues, returns in them to the back ‘of the 
Boiler. Here it went out (before the fire-place was 
altered) at two openings left for that purpofe in the 
wall which fupports the back part of the Boiler, 
and the two currents of flame uniting, entered a 
canal 7 inches wide, and 16 inches high, which 
goes all round the outfide of the Boiler, (See 
Fig. 20.) Having made the circuit of thé’Boiler, 
it went off by a canal (furnifhed with a damper) 
into the chimney. 

From this defcription of the fire-place, it appears 
that the flame and fmoke generated in the com- 
buftion of the Fuel in pafling through thofe dif- 
ferent flues, made a circuit of above 70 feet, in 
contac with the furface of the Boiler, before they 
were permitted to efcape into the chimney. This 
I thought mutt be fufficient to give thefe hot fluids 
an opportunity of communicating to the Boiler all 
the heat they could part with, notwithftanding the 
difficulties which attend their getting rid of it: And 
I concluded that the communication of their heat 


to 
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to the Boiler would be much facilitated and expe. 

by the various eddies and whirlpools produced 
_in the flame in confequence of the number of abrupt 
turns and changes of direction it was obliged to 
make in pafling under and round the Boiler. 

As the Experiments which have been made with 
this Boiler were conduéted throughout with the 
utmoft care and attention, and as their refults are 
both curious and important in fevcral refpects, I 
have thought them deferving of being made known’ 
to the Public in all their details. 





An Account of three Experiments made at Mu+ 
nich the roth Oétober 1796, with the’ new 
Boiler in the Brewery called Neubeufel, be- 
longing to u1s most Srrenz Hicuness the 
Eizctor.—The weather being fair: The 
barometer ftanding at 28 Englifh inches, and 
Fahrenheit’s thermometer at 36°. 


Dimenfions of the Boiler, pa 11 feet 6:02 inches, 





Englith meafure, as found>Width 9 — 7.723 
by aGualadmeafurement, $Depth 2— 0.20 — 
Contents of the Boiler, when quite full to the brim, 14,163 Ibs. 
Bavarian weight of water, at the temperature of 55°, equal 
to 17,540lbs. Avoirdupois, or 2099 wine gallons. 
The Boiler actually contained of water, 
in the beginning of each of the two 
following experiments, - - - 
equal to 10,056 lbs. Avoirdupois, or nearly 1204 wine gallons. 


in Bavarian weight 
+ ——8r20lbs. 


The wood ufed in this and the following Experiments was 
Pine, which had been moderately feafoned, and the billets were 
3 feet 43 inches, Englith meafure, in length. 


First 


First EXPERIMENT WITH THE NEW Boluer. 


Experiment, No. 29. 


Fire-wood put into poet 


Time: the Firesplace. |*e water in 














N ‘unberof| aniity | In degrees of Fab= 
Hour, Min. Bi Sess, |S Smirithem: 
Ibs. 


‘a 
> 
= 
3 


5° 50° 
54 
o 
85 
96 
105 
110 
129 
156 
164 
173 
180 
185 
197 
205 
ithe water boiled. 








employed, 4h. 4 min. Wood confumed, 575lbs. 
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The boiling water being let off, and it being re- 
immediately with cold water, the Experi- 
‘was repeated as follows : 


Experiment, No. 30. 





* Quantity of Fire-) Temperature of 
Time. wood put into the] the water in the 
Fire-place. Boiler. 





In degrees of Fab- 


Hours. Min, reaheit’s Therms 
4 40 PM. 60° 
i 50 72 
5 Sr 86 
= 5 = a 
= % = 126 
— 5 — 
6 10 —~ tes 
— 4=— ~- 
— 8 = 172 
—- 40 — cone 
— 2i— 185 
Sede) _ 
— ss = 398 
digo Sm 205 
Peay Sd the water boiled. 








oneal? h. 26min. Wood confumed, 550 Ibs. 
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This boiling water being let off, the Boiler was 
again filled (immediately) with celd water; and 
in this third Experiment the quantity of water was 
increafed to 11,368lbs. Bavarian weight,—equal to 
14,078 lbs. Avoirdupois, or 1685 wine gallons. 
The refults of this Experiment were as follows : 


Experiment, No. 31. 


uantity of Fi 
Time ood put into 
Fire-place. 
















Number of | Quantity ] In degrees of Fab 





Hours. Min. Billets. | in weight. J renbeic"s Therm, 
Ibs. 
Bo 100 6552 
4 | 50 79° 
40 50 9° 
40 50 107 
4° 50 118 
49 50 130 
40 50 : 
40 5° 155 
mo 40 5° 165 
- 5 = 4° 50 175 
— 30 — 49 5° 182 
— - 0 200 
u % = ze aa the water boiled, 
Time 


lh 3h. 7min, Wood confumed, 650 Ibs. 
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The following Table will fhow the refults of 
thefe three Experiments in a clear and {atisfactory 


manner: 


Quantity of water in the 
oiler at. the begin- 
ning of the Experi- 
ment, in Bavgrian 
‘Temperature of the wa- 
ter at the beginning of 
the Experiment - 
Time employed in mak- 
ing the water boil - 
Fuel’ (Pine wood) con- 
fumed in making the 
water boil, in Bavarian 


pounds - - = - 


Precife Refults of the Ex- 
periments. 
Quantity of ice-cold wa- 
ter which might have 
been heated 180 de- 
grees, or made to boil 
with the heat generated 

in the combuattion of 
ilb. of the Fuel - 
Time in which, accord- 
ing to the refult of the 
Experiment, — ice-cold 
water might be made 
to boll at Munich with 
the ‘given proportion o} 
lane ie a 








|Experiment |Experiment 
fo. 29. | No. 30. 
8120 lbs. | Sizolbs. 
50° 60° 
4h. 4 min.}2h. 26min. 
s7slbs. | ssolbs. 
12.54lbs. | 12.28 lbs. 





4h. 31min. | 2h. sgmin. 


Experiment 








11,368 lbs., 


653° 


gh. 7 min. 


65olbs. 


14.59 lbs. 





‘ 
3h. 35min. 


I was furprifed, when I compared thé refults of 
thefe Experiments with thofe made in the other 
Brewhoufe, 
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Brewhoufe, to find how little in appearance I had 
gained by the alterations I-had introduced; on a 
more careful examination of the matter, however, 
I found that I had gained much more than I at firft 
imagined, both in refpect to the Economy of Fuel, 
and to that of Time. The amount of thefe ad- 
vantages will appear from the following compari- 


fon of the mean refult of thefe two fets of Experi- 
ments : 


Pracife Refs of the fare 
guing Experiments. 


Time required 
Quantity of {to make ice- 
ice-cold water | cold water boil, 
made to boil | according to 
with rIb. of |the refultof the 
the Fuel. [given Expeti- 


mente 
Firft Set. _———— 

as ae ek 

In the Experiment No. 27,00 = 12.06 4 20 


In the Experimen® Ne. 28. — 12.70 4 20 


Sum—| 2477 | 8 40 














Means — | 12.385 4 20 
Second Set. 
In the Experiment No. 29. = 12.54 4 3r 
In the Experiment No. 30. = 12.28 2 59° 
sum —| 2482 | 7 30, 
Means —|~x2gr 345 


The mean refults of thefe two fets of Experi- 
ments differ very little from each other in appear- 
13 ance 5 


ance 5 and, from this circumftance I fhall prove, that 
the new Boiler is better adapted for faving Fuel than 
old. 

ike comparing the refults of the Experiments 
made with the fame Boiler, but with different 
quantities of water, we fhall conftantly find that the 
expence of Fuel was /e/s in proportion as “he quan- 
tity of water was greater. In the Experiment 
No. 23, when 127|bs. of water were ufed, the re- 
fult of the Experiment indicated that no more than 
12.74lbs. of ice-cold water could be made to boil 
with the heat generated in the combuftior. of 1 1b. 
of the Fuel ufed; but in the Experiment No, 26, 
made with the fame Boiler, but when 4 times as 
much water was ufed, or so8lbs., it appeared 
from the-refult of the Experiment, that 19.01]bs. 
of ice-cold water might be made to boil with 11b. 
of the Fuel. 

Now, in the firft fet of the Experiments we 
are comparing, as the quantity of water ufed 
(12,508lbs.) was much greater than that ufed in 
the fecond fet (8120lbs.), it is evident, that if the 
conftruétion of the machinery and the Management 
of the Fire had been equally perfeét in the two cafes, 
the Economy of Fuel would have been greateft 
where the largeft quantity of water was ufed ;— 
that is to fay, in the firft fet of Experiments ;—but, 
as ‘hat was not the cafe, it is certain that the Boer 
ufed in the fecond fet is better adapted to econo- 
mize Fuel than that ufed in the firlt, 

But we need not go fo far to fearch for proofs 
of that faét. The refult of the Experiment No. 31 

is 
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is alone fufficientt to put the matter beyand donbt, 
In this Experiment, in whieh’ the quantity of waier 
(though ftill confiderably thort of, that ufed in the 
former -fet of Experiments) was augmented froma 
8120lbs. to 11,368lbs. the faving of Fuel was {9 
much increafed as to fhow in a decifive manner the 
fuperiority of the new boiler. 


gota | ete 
. 
side tol | “a ‘boil, 
1 
“he Ped. thepefaleal 
The Precife Refults ees Ca i 
Of this Experiment (No. 31+) were] Ibs. hes, ite 
as foliows, _ 14-59 3 37 
In the Experiments No. a7 and 
No. 28, they were, at a medium, 12.385 4 20 


The difference in the expence of Fuel in thefe 
Experiments with thefe two Boilers is by no means 
inconfiderable; it amounts to above 14 per cent. 
and would have amounted to more, if more time 
had been allowed for heating the water in the Ex. 
periment with the new Boiler; for it is eafy to 
fhow—(what indeed was clearly indicated by all 
the Experiments) —that, in caufing liquids to boil, 
the quantity of Fuel will be lefs in proportion ag 
the time employed in that procefs is long; ory, 
whighis the fame,—as the Fire is fmaller: And the 
faving of Fuel arifing from any given prolongation 
of the procefs, will be the greater as the fire-place 

‘is more perfe€t, and as the, means ufed for con- 


fining the heat are more effectual, 
14 Though 
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‘Pihotugh the general refults of thefe two fets of 
‘Biiperiments afforded abundant reafon to conclude 
that the'alterations I had introduced in arranging 
the new Boiler were real improvements; yet, when 
¥compared the quantity of Fuel confumed in the 
Experiments with this new Boiler, with the much 
{maller quantities, in proportion to the quantity of 
water, which were employed in fome of my former 
Experiments with kitchen Boilers, 1 was for fome 
time quite at a lofs to account for this difference. 
In all my Experiments with Boilers of different 
fizes, from the fmalleft faucepan up to the largeft 
kitchen Boilers, I had invariably found that the 
larger the quantity of water was which was heated, 
the //s, in proportion, was the quantity of Fuel ne- 
ceflary to be employed in that procefs; and fc en- 
tirely had that prejudicg taken poffeffion of my 
mind, that when the ftrongeft reafons for doubt 
prefented ‘themfelves, they were overlooked; and 
it was not till I had fearched in vain on every fide 
to difcover fome other caufe to which I could attri- 
bute the unexpected appearance that embarraffed 
me, that I was induced,—I may fay forced,—to 
abandon my former opinion, and to be convinced 
that what I had too haftily confidered as a general 
Jaw, does not in fact obtain but within narrow 
limits ;—that although, in heating certain quantities 
of liquids, there is an advantage in point of the 
Economy of Fuel in performing the procefs on a 
larger feale, in preference to a {maller one; yet, ; 
when the liquid to be heated amounts to a certain 

quantity, 
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quantity, this advantage’ ceafes ; and if-it exceeds 
that quantity, it is attended with an expence of 
Fuel proportionally greater than when shetqeet 
tity is lefs. #8 

‘What the fize of a Boiler muft be, in order that 
the faving of Fuel may be a maximum, 1 donot pre- 
tend to have determined. I think however that 
there are fome reafons for fufpecting that it would 
not be larger than fome of the kitchen Boilers 
ufed in my Experiments. But I recolleé&t to have 
promifed my Reader, that I would not give him 
my opinion, without laying before him at the fame 
time the grounds of thofe opinions.—In the prefent 
cafe they are as follows : 

In an Experiment of which I have already given 
an account (No. 3.), 7;lbs. of water, at the 
temperature of 58°, were made to boil in a fauce- 
pan fitted up in my beft manner, in a clofed fire- 
place; and the wood confumed was 1 1b. This 
gives for the precife refult of the Experiment, 
6.68 lbs. of ice-cold water made to boil with 1 tb. 
of the Fuel. 

In another Experiment (No. 12.) made with 
one of the {mall Boilers belonging to the kitchen 
of the Military Academy, fitted up on the fame 
principles, 43.63 Ibs. of water, at the temperature 
of Mo’, were made to boil with 3 lbs. of wood. 
This gives 11.93 lbs. of ice-cold water made to 
boil with"1Ib. of the Fuel. 

Again, in the Experiment No. 20, which was 
made with a larger Boiler belonging to the fame 

kitchen, 


we Of the Management of Fire, 

Igitelsem;and fitted up in the fame manner, 187 Ibs. - 
ofswater, (equal fo about 28 gallons,) at the tem- 
perature of 55°, were made to boil with the com- 
buttion of 8 Ibs. of fire-wood. This gives 20.10 Ibs. 
of ice-cold water made to boil with 1 lb. of the 
wood ;—and farther than this I have aot been able 
to pufh the Economy of Fuel. 

In the Experiment No. 26. a Boiler was ufed, 
which had been conftructed with the exprefs view , 
te fee how far it was poffible to carry the Economy 
of Fuel in culinary proceffes ; and it was fitted up 
with the utmoft care, and on the moft approved 
principles. - As I thought at that time that a large- 
fized Boiler was effentiai to the economizing of 
Fuel, this Boiler was made to contain 106 gallons. 
In the Experiment in queftion it a€tually contained 
508 Bavarian pounds of water, (or about 63 gel- 
lons,) at the temperature of 48°; and to make this 
water boil, 24 Ibs. of wood were confumed. This 
gives 19.01 Ibs. of ice-cold water made to boil with 
1b. of Fuel. Hence it appears that the expence 
of Fuel was greater in this Experiment than in that 
laft-mentioned. 

Again, in the Experiment No. 31. when no 
lefs than 11,368 Ibs. or 1685 gallons, of water were 
heated and made to boil in the new Brewhoufe 
Boiler ; the wood confumed amounted to 65. Ibs. 
which (as the temperature of the water at the be- 
ginning of the Experiment was 65 }°) gives for the 
precife refult of the Experiment, 14.59 lbs. of ice- 
cold water made to boil with the heat generated in 


the combuttion of 1 lb. of the Fuel. 
As 


ond the Esonomy of Fuel. 129 


As the relative quantities of Fuel expended in 
the Experiments.are inverfely as the. numbers ex- 
prefing the quantities of ice-cold water, which, 
from the refult of each Experiment, it appears 
might have been heated 180 degrees, or made to 
boil, under the mean preflure of the atmofphere 
-at the level of the fea, with the heat generated in 
the combuftion of 1lb. of the Fuel; it is evident 
that thefe numbers meafure very accurately the 
Wifferent degrees to which the Economy of Fuel 
was carried in the different Experiments. The 
Economy of Fuel in heating liquids depending on 
the quantity of the liquid, as fhown by the foregoing 
Experiments, may therefore be exprefled thortly 
in the following manner : 


Quantity of wa- | Degrees to 
ter heated in the | which the Eco- 
Experiment, in | nomy of the- 
Bavarian lbs. | Fuelwas carried. 





Tbs. . tbs. 
In the Experiment No. 3, 7.93 6.68 
No. 12, 43-63 11.93 
No. 16, 187 20.10 
No. 26, 508 19.01 
No. 31, 11.368 14.59 


Before I take my leave of this fubject I would 
juft remark, that the caufe of the appearances obe 
fervAl in the Experiments may, I think, be traced 
to that property of flame from which it has been 
denominated a non-conductor of heat :—For if the 
different particles af flame give off their heat only 

to 
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to Wedies with which they a@ually come into con- 
tut; the quantity of heat given off by it will be-— 
woh-as its volume, (and confequently not as the 
quantity of Fuel confumed,) but rather as its fur- 
face. And as the furface of the flame, when fire- 
places are fimilar, is proportionally greater in fmall 
than in large fire-places ;—the furfaces of fimilar 
bodies being as the /guares of their correfponding 
fides, while their volumes are as the cubes of thofe 
fides ;—it is evident that, on that account, lefs heat 
in proportion to the quantity generated in the com- 
buftion of the Fuel ought to be communicated to 
the Boiler, when the fire-place and Boiler are large, 
than when the procefs is carried on upon a fmaller 
Icale. 

There are, however, ‘feveral other circumftances 
to be taken into the account in determining the 
effects of fize in the machinery neceflary for boil- 
ing liquids ; and one of them, which has great in- 
fluence, is the heat abforbed by the mafonry of the 
fire-place. This lofs will moft undoubtedly be the 
fmaller, as the fire-place is larger; but to deter- 
mine the exact point when, the faving on the one 
hand being juft counterbalanced by the lofs on the 
other, any augmentation or diminution of fize in 
the machinery would be attended with a pofitive 
lofs of heat, is not eafy to be afcertaineds,. Pro- 
vided however that proper attention be paid {S:the, 
Management of the Fire, and that as mych heat as 
poflible be generated in the combuftion of the Fuel 
=—(which may always be done in the largeft fire. 

place 
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place as well, if not better, than in fmaller anes) ; 
as that part of the heat which goes off in the fmoke 
is indubitably loft, a thermometer. placed in the 
chimney would indicate, with a confiderable degree 
of precifion, the perfections or imperfe@tions of the 
fire-place. 
» It is well known that the fmoke which rifes from 
the chimnies of the clofed fire-places of very large 
Boilers is much hotter than that which efcapes from 
‘fmaller fire-places; and I am furprifed that this 
fact, which has long been known to me, fhould not 
have led me to fufpeét that the wafte of Fuel was 
proportionally greater in thefe large fire-places than 
in fmaller ones. 

Befides the Experiments of which I have given 
an account, feveral others were made with the new 
Brewhoufe Boiler; and, among others, four Ex- 
periments were made on four fucceeding days, in 
brewing Beer; and it was found that confiderably 
lefs Fuel was expended in thefe trials, than was 
neceflary in brewing the fame quantity of beer in. 
the other Brewhoufe, in which I firft introduced 
my improvements. But though the alteration of 
form, diminution of the thicknefs of the metal, &c. 
which I had introduced in conftruéting the new 
Boiler, and alfo in the manner of fitting it up, had 
mde a confiderable faving of Fuel, yet it was 

companied by a proportional faving of time. 
Ihad Hattered myfelf that by making the Boiler 
very thin and very fballow, I fhould bring its con- 
tents to boil in @ very fhort time; but I did not con- 
fider 
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fiderchow ruch time is neceflary for the combuf. 
tim: of the Fuel neceffary for heating fo large a 
quantity of water ; otherwife my expectations on 
this head would have been lefs fanguine. The 
quantity of heat generated in-any given time being 
as the quantity of Fuel confumed, it muft depend 
in a great meafure on the fize of the fire-place ¢ 
and when it is required to heat a large quantity of 
water, or of any liquid, in a very fhort time, either 
the fire-place muft be large, or (what in my opinion 
would be ftill better) a number of feparate fire- 
places,—two or three, for inftance,—muft be made 
under the fame Boiler. The Boiler fhould be made 
wide and hallow, in order to admit of a great num- 
ber of flues, in which the flame and fmoke of the 
different Fires fhould be made to circulate fepa- 
rately under its bottom. 

The combuftion of the Fuel, and confequentiy 
the generation and communication of the heat, 
may in the fame fire-place* be confiderably accele- 
rated by increafing the draught (as it is called) of the 
Fire; which may be done by increafing the height 
of the chimney, or by enlarging the canal leading 
to the chimney, and keeping the damper open, 
when that paffage is too {mall ;—or by fhortening 
the length of the flues. 

The mafter brewer, having expreffed a wit that 
fome contrivance might be ufed by which the wate? 
might be made to boil a little fooner ix the new 
Boiler, I made an alteration in its fire-place which: 
completely anfwered that purpofe. 

But 
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But befides the defire £ had ta oblige the mafter 
brewer, (who only thought how he could contrive 
to finith as early as poffible his day’s work,) -I had 
another, and much more important objeét in view. 
Having had reafon to fufpett that flues which go 
round on the outfide of large Boilers do little more- 
éhan prevent the efcape of the heat by their fides, 

-s-which, with infinitely lefs trouble and lefs ex- 
pence, may be prevented hy other means,—I was 
defirous of finding out, by a decifive Experiment, 
the real amount of the advantages gained by thofe 
flues; or the faving of Fuel which they produce. 
And as I was confident that the fuppreffion of the 
flue which went round the new Boiler would in- 
creafe the draught of the fire-place, and accelerate 
the combuftion of the Fuel, I concluded that if my 
opinion was well founded with refpeét to the fmall- 
nefs of the advantages derived from thefe fide 
flues} the increafe of heat arifing from the accelera- 
tion of the combuftion occafioned by the increafed 
draught on clofing them up would more than coun- 
terbalance the lofs of thole advantages, and the 
time employed in heating the water would be found 
to be attually lefs than it was before. 

The refults of the following Experiments fhow 
how far my fufpicions were founded. 


Z Experiment, No. 32. 
© he sonal the outfide of the new Brewhoufe 
Boiler having been clofed up, and two canals 


(a and 4, Fig. 21.) formed from the end of the two 
1 outfide 
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outfide flues of thofe fituated under the Boiler, by 
which two canals (which were both farnifhed with 
dampers) the fmoke -paffed off from under the 
Boiler direétly into the chimney ; the Experiment’ 
No. 31. which was made with the fame Boiler be- 
fore the outfide flues were clofed up, was now re- 
peated with the utmoft care, in order to afcertaine 
the effeéts which the clofing up of thofe flues would 
produce. The quantity of water in the Boiler, and 
its temperature at the beginning of the Experiment,‘ 
were the fame ;—the wood ufed as Fuel was taken 
from the fame parcel, and it was put into the fire- 
place in the fame quantitics, and at the fame intervals 
of time ;—in fhort, every circumftance was the fame 
in the two Experiments, excepting only the altera- 
tions which had been made in the fire-place. As 
the.length of the flues through which the flame and 
fmoke were obliged to pafs to get into the chimney 
had been diminifhed more than half, (or redyced 
from 70 to about 30 feet,) the ftrength of the draught 
of the fire-place was much increafed, as was evident 
not only from the increafed violence of the combuf- 
tidn of the Fuel, which was very apparent, but alfo 
from another circumftance, which I think it my 
duty to mention. Before the flue round the Boiler 
was clofed, if too much Fuel was put into the fire- 
place at once, it not only did not burn with a clear 
flame, but frequently the fmoke, and fomedsyes 
the flame, came out of the fire-place does; even 
when the damper.in the chimney was wide open; 
but after this flue was clofed up, it was found to be 
hardly 
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hardly poffible to overcharge the fire-place, and the 
Fuel always burned with the utmoft vivacity. 

I ought to inform my Reader, that though the 
entrance into the flue which went round the out- 
fide of the Boiler was clofed, and another and a 
fhorter road opened for the flame and fmoke to 
pafs off into the chimney, yet the cavity of the 
“fue remained ; and by means of openings (c. c. c 
«.c.c. Fig. 21. Plate V.) about fix inches fquare 
in thg, brick-work which ‘feparated this old road 
(which was now fhut up) from the flues under the 
Boiler, the flame was permitted to pafs into this 
cavity, and to fpread itfelf round the outfide of the 
Boiler. This contrivance (which I would recom- 
mend for all Boilers) not only prevents the efcape 
of the heat out of the Boiler by its fides, but con- 
tributes fomething towards heating it g and as the 
openings in the fides of the flues do not fenfibly 
impede the motion of the flame, they can do no 
harm. 

As the two Experiments, the refults of which I 
am about to compare, were made with the greateft 
care, and as they are on feveral accounts uncom- 
monly interefting, I fhall place them in a confpicu- 
ous point of view. 


Yok. I. K A Com- 
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A Comparative View of Two ExrrrIMENTS 
made with a new Brewhoufe Boiler. 


The time is reckoned from the beginning of the Expt- 
riment, and was the fame in both Experiments. 


Quantity of water in the Boiler 11,368 lbs. Bava- 
rian weight. 


Fuel put into the » Heat of the water in the 











fire-place, Boiler. 
Time from = = = 
the begin- Experiment } Experiment 
ning of the No. 31, No. 32, 
Experiment Number | Quen: {outfite fue (outfide flue 
of billets. | in weight. opal clofed). 

ees | Ne | Ge apes. degrees, 

-— 80 100 655 65% 

© 16 40 50 79 82 

© 30 40 50 ge 94 

© 53 40 5° 107 110 

z S 4o 5° 118 122 

I 23 40 5° 130 135 

1 37 40 50 140 147 

x 54 40 50° 155 160 

2 9 40 50 165 171 
“2 24 4° 5° 195 182 

2 39 40 50 182 191 

2 54 40 ro} 200 — 

2 59 _ a — boiled 

Se - - boiled _- 





Having found by comparing the refults of Ryefe 
two-Expcriments, that I had loft nothing jerefpeét 
to the Economy of Fuel, by fhutting up the outfide 
flue of my Boiler, I was now defirous of afcer- 
taining how much I had gained in point of time, 

or 
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or how much the increafed draught of the fire-place, 
in confequence of its Hues being fhortened, en- 
abled me to abridge the time employed in. cauf- 
ing the contents of the Boiler to boil, in cafes in 
which it fhould be advantageous to expedite that 
procefs at the expence of a {mall additional quan- 
tity of Fuel. 

+ By the following Experiment, in which the com- 
bution of the Fuel was made as rapid as poffible 
by kegping the fire-place full of wood, and the re- 
gifter in the «th-pit door and the. damper in the 
chimney conftantly quite open, may be feen how 
far I fucceeded in the attainment of that objeat. 
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Experiment; No. 33- 


The Boiler contained 11,368 lbs. Bavarian 
weight of water at the temperature of 47°. The 
Fuel ufed was pine-wood, moderately feafoned, in 
billets three feet four inches long, and fplit into 
fmall pieces of about 1 1b. each, that it might 
burn the more rapidly. 

This Experiment ‘was made the 2gth of Novem- 
ber 1796, the barometer ftanding at 26 inches 8.7 
lines Paris meafure, and Fahrenheit’s thermometer 
at 33° 





| Ternpera- 
Fuel put into the | tureofthe 
‘Time. | fire-place. water in 
the ccpper- 

hus. min. Ibs. degrees 

2 0 100 47 
— 4% 100 58 
— 34 100 88 
— 51 100 Ico 

3 9 soo | 123 
— 2 100 144 
= 39) 100 151 

4 0 100 _-- 
— 10 -_ 200 
= a - boiled 











Time employed - 2 17 | Wood confumed - 800 


In the Experiment No. 32, the fame quantity 
of water at the temperature of 653°, was mai 
boil in 2 hours 59 minutes, with the confption’ 
of 625 lbs. of the fame kind of wood. Had the 
water in this Experiment been as cold as it was in 
the Experiment No. 33, (namely at the tempera- 


ture 
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ture of 47°,) inftead of 625 Ibs., 7o5lbs. of the 
Fuel would have been neceffary ; and the procefs, 
inftead of lafting 2 hours and 59 minutes, would 
have lafted 3 hours and 22 minutes. 

Hence we may conclude, that to abridge 1 hour 
and ‘5 minutes of 3 hours and 22 minutes in the 
procefs of boiling 11,368 Ibs. of water, this cannot 
6e done at a lefs additional expence of Fuel than 
that of gs lbs. of pine-wood ;—or, to abridge the 
timg_me-third, there muft be an additional. expence 
of about one-cighth more Fuel. 

In fome cafes it will be moft profitable to fave 
time, in others to economife Fuel ;—and it will al- 
ways be defirable to be able to do either, as circum- 
ftances may render moft expedient. 

From a comparifon of the quantities of Fuel 
coniumed, and confequently of heat generated, in 
the fame time, with the quantities of heat a@tually 
communicated to the water, in the Experiments 
No. 32 and No. 33, during this time, an idea may 
be formed of the great quantity of heat that may 
remain in flame and fmoke after they have paffed 
many feet in flues under the thin bottom of a Boiler 
containing cold water; and this fhows with how 
much difficulty thefe hot vapours part with their 
heat, and how important it is to be acquainted with 
thy faét in order to take meafures with certainty 
for etgomiling Fuel. 

T have been the more particular in my account 
of thefe Experiments with large Boilers, as I believe 
no Experiments of the kind on fo large a fcale have 
been yet made; and as they were all conduéted 

%3 with 
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with care, their refults have intrinfic value inde- 
pendent of the particular ufes to which I have ap- 
plied them. 

As in the countries where this Effay is likely to 
be moft read, pit-coals are more frequently ufed as 
Fuel than wood, it will not only be fatisfactory, but 
in many cafes may be really ufeful to my Reader to 
know the relative quantities of heat producible- 
from coals and from wood ; in order to be able to, 
compare the tefults of Experiments in whick, coals 
are ufed as Fuel, with thofe of which I have here 
given an account; or to determine the quantity of 
coals neceflary in any procefs which it is known 
may be performed with a given quantity of wood. 

It was my intention to have made a fet of Expe- 
iments on purpofe to determine the relative quan- 
tities of heat producible from all the various kinds 
of combuftible bodies which are ufed as Fuel, and 
I made preparations for beginning them, but I have 
not yet been able to find Icifureto attend to the fubject. 

The moft fatisfactory account I have been able 
to procure refpeéting the matter in queftion, is one 
for which lam indebted to my friend Mr. Kirwan. 
By this account, which he tells me is founded on 
Experiments made by Mr. Lavoifier, it appears, 
that equal quantities of water, under equal furfaces, 


ynay be evaporated, and confequently equa! heats 
produced, ee 


By 4oglbs. of Coaks By 17 of Coaks 
Te ob Piece oof Pitcual 
600 — of ee 10 of Pit-cual 
600 — of Charcoa) (°F # mneafure 40 of Charcoal 
1089 — of Oak 33 of Oak. 


I wih 
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I with I were at liberty to tranfcribe the ingenious 
and interefting obfervations which accompanied this 
eftimate ; but as they make part of a work which I 
underftand is preparing for the Prefs, I dare not 
anticipate what Mr. Kirwan will himfelf foon lay 
before the Public. 

According to this eftimate it appears that 
To89 lbs. of oak produces as much heat in its 
combuttion as 600 lbs. of pit-coal. Now, if we 
fuppoe that the pine-wood ufed in my Experi- 
ments is capable of producing as much heat per 
pound as oak,—and I have reafon to think it does 
not afford lefs,—from the quantity of pine-wood 
ufed in any of my Experiments, it is eafy to afcer- 
tain how much coal would have been neceffary to 
generate the fame quantity of heat; for the weight 
of the coal which would be required is, to the 
weight of the wood actually confumed, as 600 to 
1089. : 

In one of my Experiments (No. 31,) —11,368 lbs. 
of water, at the temperature of 653°, were made 
to boil with 650 Ibs. of pine-wood. As, when the 
Experiment was made, the mercury in the baro- 
meter ftood at about 28 Englifh inches, the tem- 
perature of the water when it boiled was only 
209°, confequently its temperature was raifed 
(2093—65:) 144 degrees. Had the water been 
potic! in London, or in any othgf place nearly on 
a level" with the furface of the fea, it muft have 
been heated to 212° to have beeu made to boil, 
confequently its temperature muft have been raifed 

K4 14655, 
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146}°; and to have done this, inftcad of 65olbs. 
of ee, 66131bs. would have been required ; 
(140° is to 650 lbs. as 146 4° to 6613 Ibs.) 

If pit-coal were ufed inftead of wood, 363+ Ibs. 
of that kind of Fuel would have been fufficjent ;— 
for the quantities in weight of different kinds of 
Fuel required to perform the fame procefs being 
inverfely as the quantities of heat which equat 
weights of the given kinds of Fuel are capable of , 
generating, or direétly as the quantities of thy kind 
of Fuel in queftion, which are required to produce 
the fame heat, it is 1089 to 600, as 661+\bs. of 
wood to 363 £ lbs. of coal, fuppofing the foregoing 
eftimate to be exact. 

Whether it would be poffible to caufe fo large a 
quantity of water, (1681 wine gallons, ) at the given 
temperature, (651°,) to hoil, with this fmall quan- 
tity of coal, I leave to thofe who are converfant in 
Experiments of this kind to determine. 

From: the refult of my 20th Experiment it ap- 
peared that 20,,°, Ibs. of ice-cold water might be 
heated 180 degrees, or made to boil under the 
mean preffure of the atmofphere at the level of the 
furface of the ocean, with the heat generated in the 
combuftion of 1 1b, of pine-wood. Computing 
from the refult of this Experiment, and from the 
relative quantities of heat, producible from pine- 
wood, and from pit-coal, it appears that thy-tfeat 
generated in the combutftion of 1 1b. of*pit-coal, 
would make 36-¥ lbs. of ice-cold water boil. 


Hence 
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Hence it appears that pit-coal fhould heat 36 
times its weight of water, from the freezing point 
to that of boiling ;—and as it has been found. by 
Experiments made with great care by Mr. Warr, 
that nearly 5} times as much heat as is fufficient 
to heat any given quantity of ice-cold water to the 
boiling point, is required to reduce that fame quan- 
tity of water, already beiling-hot, to fteam ; accord. 
ing to this eftimation, the heat generated in the 
combyftion of 11b. of coal fhould be fufficient 
toréduce very nearly 7 lbs. of boiling-hot water to 
fteam. 

How far thefe eftimates agree with the Experi- 
ments that have been made with fteam-engines, J 
know not; but there feems to be much reafon ta 
fufpe& that the expence-of Fuel,’ in working 
thofe engines, is confiderably greater than it ought 
to be, or than it would be, were the Boilers and 
Fire-places conftruéted on the beft principles, and 
the Fire properly managed. 

In attempts to improve, it is always very defir- 
able to know exaétly what progrefs has been 
made ;—to be able to meafure the diftance we 
have laid behind us in our advances ; and alfo that 
which {till remains between us and the object in 
view. The ground which has been gone over is 
eafily meafured ; but to eftimate that which ftill lies 
bofore us is frequently much more difficult. 

The cdvances J have made in my attempts to 
improve fire-places, for the purpofe of economif- 
ing Fuel, may be cftimated by the refults of the 

Experiments 
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Experiments of which J have given an account in 
this Effay ; but it would be fatisfactory no doubt to 
know how much farther-it is poffible to pufh the 
Ecenomy of Fuel. 

In my 4th Experiment, 7} lbs. of water, at the 
temperature of 58°, were made to boil, at Munich, 
with 6 Ibs. of wood. Jf, from the refult of this 
Experiment, we compute the quantity of ice-cold 
water which, with the heat generated in the com- 
buftion of 1 Ib. of the Fucl, might ve heated 180 
degrees, or made to boil, it will turn out to be oiily 
34]b. or more exaétly 1.111b. 

According to the yefult of the Expenment 
No. 20, it appeared, that no lefs than 20,4, Ibs. of 
ice-cold water might have bcen made to boil with 
the heat generated in the combuttion of 1 Ib. of 
pine-wood. 

It appears, therefore, that about cighteen iimes as 
much Fuel, in proportion to the quantity of water 
heated, was expended in the Experiment No. 4, as 
in that No. 20; and hence we may conclude with 
the utmoft certainty, that of the heat generated, or 
which, with proper managcinent, might have been 
generated in the combuition of the Fuel ufed in 
the 4th Experiment, lefs than .', part was em- 
ployed in heating the water ;—the remainder, 
amounting to more than +2 of the whole quantity, 
being difperfed and loft. 

T ventured to give it as my op: ion in the begin 
ning of this Effay, that “ not lefs than /even-cighths 
“ of the heat generated, or which, with proper ma- 

“* nagement, 
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“ nagement, might be generated from the Fuel ac- 
“ tually confumed, is carried up into the atmofphere 
« with the fmoke, and totally loft.”—I will leave it 
to my Reader to judge whether this opinion was 
not founded on good and fufficient grounds. 


But though it be proved beyond the poflibility 
of a doubt, that the procefs of heating water was. 
performed in the 2oth Experiment with about + 
part of the proportion of Fuel which was ac- 
tally bxpended in the 4th Experiment, yet nei- 
ther of thefe Experiments, nor any deductions that 
can be founded on their refults, can give us any 
light with refpeét to the rea/ lofs of heat, or how 
much lefs Fuel would be fufficient were there no 
lofs whatever of heat. The Experiments fhow 
that the lofs of heat muft have been at lealt eighteen 
times greater in one cafe than in the other; but 
they’ do not afford grounds to form even a probable 
conjecture re{pecting the amount of the lofs of heat 
in the Experiment in which the Economy of Fuel 
was carried the fartheft, or the poffibility of any 
farther improvements in the conftruction of fire- 
places. I fhall, however, by availing mylelf of the 
labours of others, and comparing the refults of 
their Experiments with mine, endeavour to throw 
fome light on this abftrufe fubject. 

Doétor Crawrorp found, by an Experiment 
contrived with much ingenuity, .and which appears 
to have been executed with the urmoft care, that 
the heat generated in the combuftion of 30 grains 

of 
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of charcoal raifed the temperature of 31 Ibs. 7 oz. 
‘Froy= 181,920 grains of water, 14%’; degrees of 
Fahrenheit’s thermometer, when none of the heat 
generated was fuffered to efcape. 

But if 30 grains of charcoal are neceffary to raife 
the temperature of 181,920 grains of water 14's'5° 
degrees, it would require 3157.9 grains of charcoal 
to raife the temperature of the fame quantity of 
water 180 degrees, or from the point of freezing 
to that of boiling; for it-is 1.71° to 30 ‘grains. 
as 180° to 3157.9 grains. Confequently the heat 
generated in the combuition of 1 Ib. of charcoal 
would be fufficient to heat 57.608 lbs. of ice-cold 
water 380 degrees, or to make it boil ;—for 3157.9 
grains of charcoal are to 181,920 grains of water as 
1 Ib. of charcoal to 57.608 Ibs. of water. 

From the refults of Mr. Lavorsizr’s Experi- 
ments, it appcared that the quantities of heat gene- 
rated in the combuftion of equal weights of char- 
coal and dry oak, are as 1089 to 600. Hence we 
may conclude, that equal quantities of heat are ge- 
nerated by 1 Ib. of charcoal and 1.815 Ibs. of oak ; 
confequently that the heat generated in the com- 
buttion of 1.815 Ibs. of oak, would heat 57.608 lbs. 
of ice-cold water,—or 11b. of oak, 31.74]bs. of 
ice-cold water 180 degrees, or caufe it to boil ;— 
were no part of the heat generated in the combuftion 


Of the Fuel lop. 


If now we fuppofe the quantities of heat pro- 
ducible from equal weights of dry oak and of dry 


5 pine- 
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pine-wood to be equal,—(and there is reafon to 
believe that this fuppofition cannot be far from the 
truth,)—we can eftimate the real lofs of heat in each 
of the two Experiments before mentioned, (Nov. 4 
and No. 20,) as alfo in every other cafe in-which 
the quantity of Fuel confumed, and the effects pro- 
duced by the heat, are known. 

Thus, for inftance, in the 2oth Experiment, as 
the effeéts attually indicated that with that part of 
the hea generated in the combuftion of-1 Ib. of the 
Pus Which entered the Boiler, 202»-lbs. of ice-cold . 
water might have been made to boil; as by the 
above eftimate it appears that 31,%% Ibs. of ice- 
cold water might be made to boil with a// the heat 
generated in the combuftion of 1 Ib. of the Fuedl— 
it is evident that about one-third of the heat gene- 
rated was Icft; or oa of it was faved. 

‘This lofs is certainly not greater than might rea- 
fonably have been expected, efpecially when we 
confider all the various caufes which confpire in 
producing it; and I doubt whether the Economy 
of Fuel, will ever be carried much farther. 

In the Experiment No. 4, as the effeéts pro- 
duced by the heat which entered the Boiler indi- 
cated that no more than 1.141b. of ice-cold water 
could have been made to boil with 1b. of the 
Fuel, it appears that in this Experiment only about 
uth part of the heat generated was faved. 

In all the Experiments made on a very large 
‘feale, with Brewhoufe Boilers, rather more than 
one-hajf of the heat generated found its way up the 
chimney, and was loft. 
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CHAP. VI. 


A fhort Account of a Number of Kitchens, public and 
private, and Fire-places for various Ufes, which 
have been conftruéted under the Direction of the 
Author, in different Places.—Of the Kitchen of 
the House of Inpustry at Municu—Of that 
of the Murrrary Acapemy—Of that of the 
Miitary Mess-House—That of the Farm- 
Housr, and thofe belonging to the Inn in the 
EnoitsH Gaarpen at Municu.—Of the Kil- 
chens of the Hofpitals of La Pieva and La Mi- 
SERICORDIA at VERoNA.—Of a@ fmall Kitchen 
fitted up as a Model in the Houfe of Sir Joun 
Smvcxair Bart. in Lonpnon.—Of the Kitchen 
of the FounDLInc Hospirar in Lonpon.—Of 
@ Miuirary Kircuen for the Ufe of Trdops in 
Camp.—Of a Portaste Bosver for the Ufe of 
Troops on a Marcu.—Of a large Boiter fitted 
up as a Model for Buzacners at the Linen- 
Hatt in Dusiin.—Of a Fire-place for coox- 
inc, and at the fame Time WARMING A LARGE 
Hay; and of a vervetuat Oven, both fitted 
up in the House of InpusTRy at Dustin.—Of 
the KircHen—Launpry—Cuimney Fire- 
pLacrs—Cortacr Firr-pLacr—and Model 


f 
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ofa Lime-K1un—fiicd up in IRELAND in the 
Houfe of the Dusiin Society. 


y with to give the moft complete information 
poffible with regard to the grounds on, which 

the improvements 1 propofe are founded, has in- 
duced me to be very particular in my account of 
my Experiments, and of the conclufions and prac- 
tical inferences I have thought myfelf authorifed to. 
‘draw tom them; and as thefe inveftigations have 
‘equently led me into abftrufe philofophical dif- 
quifitions which might not perhaps be very inte- 
reftiag to many of my readers, to whom a fimple 
account of my Vire-places, with direétions for con- 
ftrudting them, might be really ufeful; in order to 
accommodate readers of all defcriptions, I have 
thought it beft to divide my fubjeét, and. to referve 
what I have ftill to fay on the mechanical part of 
it,—the Conftrudtion of Kitchen Fire-places,—for 
afeparate Effay. In the mean time, for the in- 
formation of thofe who may have opportunities of 
examining any of the Kitchens, or Fire-places, for 
other purpofes, which have already been conftructed 
on my principles, under my direction, I have an- 
nexed the following account of them, and of the 
particular merits and imperfections of each of them. 
This account, added to what has been faid in the 
foregoing Chapters of this Effay on the conftruc- 
tion of Fire-places, will, I flatter myfelf, be found 
_fiffficient to convey the fulleft information refpeét- 
ing the fubje&t under confideration, and’ enable 
thofe, 


